Below-Knee Amputations: A Review
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ABSTRACT
At our institution, physicians from the orthopaedic
department perform a considerable proportion of
below-knee amputations. These amputations are
performed to treat non-traumatic and traumatic injuries.
However, the outcomes of amputation are not discussed
as often in our educational experience as those of other
procedures. The current review examines the current
and relevant studies for indications and outcomes of
patients with non-traumatic and traumatic conditions
treated with below-knee amputations.
Keywords: Diabetes Mellitus, Vascular System Injuries,
Traumatic Amputation, Amputation

INTRODUCTION
Amputations have long been performed to definitively
treat lower-extremity wounds, infections, and injuries.
Amputations were performed as early as 43,000
BCE, and prostheses were used as early as 1500 BCE,
according to Padula and Friedman.1 As numerous
surgical and medical advancements have been made,
especially in the past 20 years, the indications for and
outcomes of amputations are much different than in
ancient times.
Currently, nearly 2 million people live with limb loss
in the United States.2 Among those, the main causes
are vascular disease (54%)—including diabetes and
peripheral arterial disease—trauma (45%), and cancer
(< 2%).2 About 185,000 amputations occur in the United
States annually.3 In 2009, hospital costs associated with
amputations totaled more than $8.3 billion.4 AfricanAmerican patients are up to four times more likely to
undergo an amputation than white Americans.5 Nearly
half of the individuals who undergo amputations owing
to vascular disease will die within 5 years. This is higher
than the 5-year mortality rates for breast cancer, colon
cancer, and prostate cancer.6 Of persons with diabetes
who undergo lower-extremity amputations, up to 55%
will undergo amputation of the second leg within 2 to 3
years.7 The current study will review the indications and
outcomes of non-traumatic and traumatic amputations.

NON-TRAUMATIC AMPUTATIONS:
PATHOLOGICAL FEATURES AND
INDICATIONS
Most non-traumatic below-knee amputations are
performed for non-healing wounds, with or without
underlying infection. Lower-extremity ischemia appears
to be the main determinant in development of the
wounds. Many patients with ischemia to the lower
extremity also have diabetes, which complicates the
ischemia. Lepäntalo et al8 found many factors that
mask the severity of the present vascular pathological
features and tissue injury occurring in patients with
diabetes. In particular, there are both macro- and
microvascular changes that can complicate the clinician
evaluation of lower-extremity perfusion.
In patients with diabetes, macrovascular changes
have been noted to be more extensive in the crural
arteries compared to the pedal arteries. Therefore,
clinicians who palpate the dorsal pedis artery may
incorrectly assume that the limb is adequately perfused.
Microvascular changes in patients with diabetes
can result in thickening of the capillary basement
membrane, which does not impede oxygen delivery but
does impede delivery of nutrients and cellular materials.
The lack of nutrients and cellular material play a
considerable role in inhibiting tissue repair. It is common
to falsely assume that if the limb receives oxygen, it
also receives these key nutrients and cellular building
blocks for tissue repair. Because oxygen saturation
is more easily measured now, clinicians should be
careful to assume that oxygenated tissue has sufficient
nutrients and cellular material for wound healing.
Knowing these complicating factors, Lepäntalo et al8
proposed that clinicians should never amputate a limb
for treating non-traumatic reasons without work-up and
consultation from a vascular surgeon.
Many investigations have tried to evaluate the
quality of blood flow to extremities and possibly
predict wound healing of slow-healing wounds and
at specific amputation levels. Recently, Wang et al9
performed a systematic review and meta-analysis of
various tests to predict wound healing. They analyzed
37 studies and evaluated various vascular studies
regarding prediction of wound healing. Examined tests
included ankle-brachial index (ABI), toe-brachial index,
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transcutaneous oxygen measurement (TcPO2), toe
systolic blood pressure, ankle peak systolic velocity, skin
perfusion pressure, microvascular oxygen saturation,
and hyperspectral imaging. Most studies focused on ABI
and TcPO2. The authors concluded that overall quality
of evidence was low to suggest that any of these
tests could differentiate between a limb that could
heal a wound versus one that could not. Many of the
reviewed studies stated that clinical judgement plays a
considerable role in whether to amputate and at what
level.

NON-TRAUMATIC AMPUTATIONS:
OUTCOMES
Many studies have described outcomes of below-knee
amputation for treating non-traumatic indications.10-15
Overall, the mortality rate is high. In 2016, a systematic
review noted 53% to 100% of patients died in a 5-year
study on non-traumatic amputation.10 Specifically, 40%
to 82% of patients died who underwent below-knee
amputation for treating non-traumatic injuries. Noted
risk factors for death were increased age, renal disease,
proximal amputation, and peripheral vascular disease.
Reported ambulation rates are relatively low. At
1-year postoperatively, studies have described 23%
to 65% of patients ambulating after below-knee
amputation.11-13 One study evaluated the 30-day
unplanned re-admission rates of patients undergoing
major lower-extremity amputation. A total of 739
patients who underwent amputation at one of two large
centers in the United States were evaluated. The overall
re-admission was 28.8%, with stump complications
accounting for 28.6%. Most other re-admissions were
owing to nonsurgical site infections. Table 1 includes

Table 1. Diagnosis made at unplanned patient readmission within 30 days after below-knee or above-knee
amputations, reported in 2017 by Phair et al14
Total patient
re-admissions
(n = 213)

BKA patient
re-admissions,
(n = 134)

AKA patient
re-admissions,
(n = 79)

Stump
Complications, %

28.6

35.8

16.5

Nonsurgical site
infection, %a

33.8

28.4

43.0

7

8.2

5.1

Cardiac
complication, %

5.2

4.5

6.3

Diabetes-related
complication, %

6.1

5.2

7.6

23.5

21.6

26.6

Diagnosis

CHF, %

Other, %

BKA, below knee amputation; AKA, above knee amputation;
CHF, congestive heart failure.
a
Nonsurgical site infections include urinary tract infection, pressure
ulcer, pneumonia, clostridium difficile colitis, unspecified.
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the unplanned re-admission diagnosis within 30 days of
below- and above-knee amputation and percentages.
During the 30 days, 8.8% of patients died. Of the
patients undergoing below-knee amputation, 34.1%
were converted to an above-knee amputation.14 Because
of these poor outcomes and risk of complications, some
authors have suggested that patients with considerable
risk factors for poor outcomes may be better served
with an above-knee amputation.15

TRAUMATIC AMPUTATIONS:
INDICATIONS
After major trauma to the lower extremity, whether
to choose limb salvage versus amputation becomes a
treatment dilemma. Different factors indicate early and
later amputations for treating traumatic injuries. Early
amputation is clearly indicated if salvage is not possible
and if functional result might be improved; however,
both are difficult to determine preoperatively.
Scoring systems have been proposed to help
determine indications for immediate amputation,
including the Mangled Extremity Severity Score (MESS);
Predictive Salvage Index (PSI); Limb Salvage Index
(LSI); and Nerve, Ischemia, Soft-Tissue, Skeletal, Shock
and Age of Patient (NISSSA). The MESS is the most
well-known and researched scoring system.16 It was
developed in 1990 after retrospective and prospective
evaluation on 51 patients with major extremity traumatic
injuries, excluding those with major nerve transections.16
The authors suggested that after using this scoring
system to evaluate energy of trauma, ischemia,
presence of shock, and age of the patient, clinicians
would have a specific number guiding the salvageability
of the limb.
Recent studies have challenged the reliability of
this scoring system. The authors of the original paper
published a follow-up article stating the advancements
of medical care have made this scoring system less
relevant in today’s world.17 The authors also stated
that there is no reliable scoring system currently that
can quickly predict the benefit of limb salvage versus
early amputation. This was confirmed by a systematic
review evaluating the current available scoring systems
of major extremity trauma (ie, MESS, PSI, LSI, and
NISSSA).18 No specific scores were reliable enough to
be used as the only criteria to proceed with either limb
salvage or early amputation. Furthermore, none of the
scoring systems considered the functional recovery of
the patient after a specific treatment.
No scoring system is widely used to determine
late amputation after initial attempt at salvage. Some
relative indications include chronic recalcitrant infected
non-unions, persistent un-reconstructable soft-tissue
wounds, and painful non-functional limb. Similar to
non-traumatic amputations, indications for early and
late amputation to treat traumatic injuries depend on

the surgeon’s overall assessment of the potential for
salvage. Calculating an injury index may be useful to
help make that assessment.

TRAUMATIC AMPUTATIONS: OUTCOMES
For patients with traumatic injuries treated with
amputation, the mortality rate is much lower than that
of non-traumatic injuries. Patients with a traumatic
injury or non-traumatic injury treated with amputation
have a 5% and 15% early mortality rate, respectively. For
traumatic injuries treated with amputation, patients that
survive 90 days postoperatively have a 5-year mortality
rate of about 2%. Owing to much higher survival rates
after traumatic amputations, studies have focused on
functional and psychosocial outcomes.19-21
In 2002, a benchmark study from the Lower
Extremity Assessment Project (LEAP) group presented
valuable information on outcomes in patients
undergoing limb salvage versus early amputation.
The Sickness Impact Profile (SIP), a multidimensional
measure of self-reported health status, was used to
measure and quantify the outcome of 569 patients with
severe lower-extremity trauma who underwent limb
salvage or amputation. After 2 years postoperatively,
the SIP scores were similar in the limb salvage group
compared with the amputation group; however, both
groups had considerable disability as measured by
the SIP compared to age-matched controls. The
disability was found to be physical and psychosocial.
Low educational levels, people of color, lack of private
insurance, poor social-support network, low selfefficacy, and involvement of disability-compensation
ligation were predictive of a poor outcome.22 A followup study of these patients at 7 years postoperatively
revealed that both physical and psychosocial
functioning deteriorate between 24 months and 84
months after the injury.23
Although the LEAP group found relatively poor
outcomes after major lower-limb trauma, another study
reported promising outcomes with similar injuries.
A retrospective study from the United Kingdom on
military-patients evaluated the physical and mental
outcomes after immediate amputation, delayed
amputation, and limb salvage to treat major trauma.24
Regarding the immediate and delayed unilateral
amputation groups, a total of 86% of patients were able
to walk distances comparable to age-matched controls
in 6-minute walk test. A total of 50% of these patients
were able to run independently. Interestingly, patients
undergoing amputation or limb salvage had the same
rates of the general population regarding major anxiety
and depression rates. All patients did have full access
to a multidisciplinary team trained to work with persons
who experienced severe limb trauma.

CONCLUSION
Below-knee amputations are life-changing procedures
for patients, whether for treating non-traumatic
or traumatic injuries. Regarding non-traumatic
amputations, the primary indication may be a nonhealing ulcer with or without concurrent infection.
The pre-amputation health status of patients plays
a main role in the outcome. Many of these patients
undergoing non-traumatic below-knee amputations
have a complex medical history and are best served
with a multidisciplinary team for pre- and postoperative
treatment. Thorough work-up before the procedure
should be conducted. In some cases, a patient with poor
preoperative health status may be more successfully
treated with an above-knee amputation because of the
higher risk of wound complication and low likelihood of
ambulation postoperatively.15
In traumatic-related amputations, MESS has
been shown to provide an adequate assessment for
determining whether to perform an early amputation.
Surgeons may use this as a tool to help develop an
overall assessment of indication for early amputation
in treating patients with traumatic injuries. Attempted
salvage should be considered first, with early
amputation performed only when salvage is clearly
impossible. Salvage is typically performed for treating
patients who are healthier than those undergoing
amputations for treating non-traumatic injuries. In
healthy patients, an amputation is life changing,
especially regarding mental health. Patients who have
severe lower-extremity injuries requiring amputation
may function well postoperatively depending on
adequate access to both physical and mental
health care.
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